of stocks and bonds, real estate is in the investment dark ages. Even at the end of the year, no one knows for sure whether prices are up or down. ' The inability to measure accurately the performance of classes of properties, such as hotels and motels, may lead to inefficient allocations of capital to develop-*Ed. note: Readers who are not concerned with the issues surrounding the index's development may wish to skip directly to the results, on page 75. 'R. Lowenstein, "The S&P Guide to Real Estate Investing: Index, Index, Index," The Wall Street Journal, November 8, 1988 , p. Cl. 0 1992 
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THE CORNELL H.R.A. QUARTERLY ment, equity investment, and debt financing of such property types. Also, hospitality-corporation strategies such as acquisitions, divestitures, sale and "leasebacks," and sale and "managebacks" are most successful when owners and managers can track the historical price movements of real estate.
In this article, we report on research to measure the temporal changes in the prices of lodging properties. Our specific objective is to present the results of an ongoing study at the Cornell University School of Hotel Administration to model and index the selling prices of lodging properties. The Cornellindex study reveals that prices responded quickly to changes in the tax treatment of real estate contained in the 1986 Tax Reform Act, and those prices have remained below 1985 levels ever since-this despite well-publicized Japanese investment in U.S. real estate.
Who Uses Price Indexes?
Indexes of lodging real-estate prices may appeal to a broad spectrum of hospitality firms, investors, mortgage underwriters, and appraisers in their evaluations of trends in lodging real estate and of specific hotel or motel properties. For example, the hospitality industry has undergone fundamental changes in the way real estate is controlled for business operations. Although some firms increased the percentage of properties owned during the past ten years (e.g., Westin Hotels), many divested their real estate, often through sale and manageback contracts. Future decisions by hospitality-firm executives to acquire, hold, or divest real estate will depend on their knowledge of past price trends as indicators of future appreciation.
Equity investors are now approaching real-estate markets with considerable caution and
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discipline and, as a result, reliable sources of information are in greater demand by investors. The substantial growth in real-estate investment over the past decade means that more real estate is held than ever before in anticipation of appreciation and eventual sale.2
Just as investors have become cautious in real-estate deals, lenders are imposing strict underwriting standards. For them, wellconstructed price indexes serve as an important source of information for evaluating the collateral supporting mortgage loans on lodging properties and other income-producing real estate.
The hedonic pricing methods that underlie the price indexes presented in this article introduce a strong element of objectivity into the appraisal process. This is because they are transaction-based approaches to financial performance, in which the effects on price of many property-related characteristics may be examined simultaneously and can serve as a check against other, traditional methods.
Appraisers learn about the factors affecting value and the reliability of income-capitalization approaches from hedonic-pricing research and, therefore, appraisers may be guided toward better estimates of market value.
Real-Estate Prices: Difficult to Index
A price index is a statistical device for measuring differences between groups of price data, usually at different points in time. Several popular price indexes, such as the Consumer Price Index, rely on measures of central tendency, such as average and median prices, between controlled groups of data. Such measures are adequate to 'See Stephen E. Roulac and Neil F. Dimick, "Real Estate Capital Markets Undergo Fundamental Changes," The Real Estate Finance Journal, 6, No. 3 (Winter 19911, p. 8. 
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represent the temporal changes in prices of goods and services traded in common units and in active markets. These price indexes are also useful for goods and services for which the quality remains fairly constant over time.
Real estate is ill-suited for performance measurement using central-tendency indexes of observed prices. Properties trade infrequently and transaction prices are therefore not as plentiful as they are with regard to other markets (stocks, for example, or automobiles). Besides, the set of properties sold during successive periods may be quite dissimilar in size, location, and other attributes.
Another problem is that real estate is not homogeneous. Each property's performance is affected by a unique set of geographic factors and market conditions that must be statistically controlled. Finally, the quality of any given property or class of properties changes with time. For example, "VIP Floors" in hotels were not featured ten years ago, but today they are found in many properties catering to business travelers.3 A comprehensive indexing procedure for lodging-property sale prices must overcome the following four factors that make real-estate transactions difficult to compare:
Heterogeneous sales (i.e., different properties selling in successive periods); Quantity (i.e., different numbers of properties or rooms selling in successive periods); Quality (i.e., physical features and service levels of properties changing over time); and Extraordinary events (i.e., local economic events that affect some transactions but not others).
(1)
Price-Index Construction Note that the number of rooms in both properties changed between 1988 and 1990. The first step in the development of a simple price index for 1988-1990 is to calculate the "price relatives" (PR) for both properties, as shown below. A price relative is the price in the current year divided by the price in the base year (in this example, 1988).
THE ALPHA HOTEL
PR,,= (P,$P,,)= ($5m/$5m) = 1 .OO PR,,= (P,,/P,,)= ($6m/$5m) = 1.20 PR,,= (Pg,,/P,,)=($5.5m/$5m) = 1 .I0 Because the number of rooms in the two properties are different, and the numbers of rooms changed over the course of the three-year period, the price relatives may be quantity-weighted using the number of rooms as the weights. A simple approach is to produce a weighted average of the price relatives, albeit Laspeyres in 1864 and Paasche in 1874 developed baseweighted and current-weighted indexes that are more widely accepted. The forms of the Laspeyres and Paasche indexes and the computations' results are as follows:
l Laspeyres base-weighted index:
where P, is the sale price in the current year, PO is the sale price in the base year, and Q, is the number of rooms in the base year.
The results are: I,, =l .OO; I,, = 1.4026; and l90 = 1.2857.
l Paasche current-weighted index:
where Q, IS the number of rooms in the current year.
The results are: I, =l .OO; Is9 = 1.4000; and I, = 1.2814.
In an effort to resolve quantityweighting issues, Irving Fisher published the results of extensive tests on a wide variety of price indexes.' Fisher concluded that the geometric mean of the Laspeyres and Paasche indexes is an "ideal" quantity-weighted, discretetime price index.2 The form of Fisher's index and the results for the Alpha and the Beta are shown below. Because methods such as the three just presented can't account for all the differences in characteristics of the individual items sold (e.g., quality changes, composition of sales), it's valuable to have statistical models that can: these are known as hedonic pricing models.
Hedonic price indexes. Hedonic price indexes are constructed from the statistically estimated parameters of price models. These hedonic models are conceptually based on the premise that durable goods are composites of separately measurable characteristics. The characteristics are represented as variables in hedonic models. For example, the variables used to form indexes of automobile prices measure the contributions of horsepower, weight, and vehicle length.3 Some of the measurable characteristics in single-familyhouse price models are the age of the structure, square feet of living area, number of bedrooms, presence of a swimming pool, proximity to shopping, and perceived quality of the neighborhood."
Hedonic pricing models have the following general form:
p~O~+~~~~~~x~~I+~~~~~~x,)l~~~~~o~~~x where P IS the price of the good, x,, x, . . . Xn are variables representing separately measurable characteristics of the composite good, O,, O,, O,,, 6" are the intercept term (l3J and other parameters (i.e., coefficients) associated with each variable, and u is the random error term. The parameters may be estimated by ordinary least-squares procedures, also commonly known as multipleregression analysis, or with moreadvanced econometric procedures.
Implicit prices. The parameters of hedonic pricing models are referred to as implicit prices. Because each parameter (except 6,) represents a single variable's effect on the price of the good, they are the corresponding implicit prices of the separately measured
Price-Performance Measurement
Changes in the prices of lodging real estate and other incomeproducing real estate usually are measured without explicit adjustments for differences in quantity, quality, and the composition of property transactions over time because such adjustments are difficult to make unless an extraor- where O0 represents the implicit prices estrmated in the base period, 0, represents the implicit prices estimated in the current period, X0 represents the median quantities of the characteristics in the base period, and X, represents the median quantities of the characteristics in the current period.
The index of hotel and motel price movements presented here is developed from a large data base of property transactions using the last two equations described above (i.e., the hedonic pricing model and the Fisher Ideal Price Index). 
Method and Data
The principal methodological traditions for development of residential-property hedonic price indexes are the "cross-sectional" tradition and "time-series" tradition. In the cross-sectional tradition, the contributions of property characteristics are estimated with separate multiple regression equations for each period. The price index is created following the procedures described in the box on page 72. Only one regression equation is estimated in the time-series tradition, in which the data for all periods are pooled and a time
EXHIBIT 3
Variables in the data base variable is introduced into the model. The model is then simulated for each period under study using the median values for the characteristics multiplied by their respective parameters, including each time-specific parameter. The merits of these alternative approaches have been debated without firm conclusions emerging about the superiority of one method over the other. The timeseries approach provides for more straightforward statistical interpretations of the significance of changes in prices over time, but is not well-integrated theoretically into price-index literature. Problems of parameter instability and the massive data requirements associated with the cross-sectional method usually render the approach useless for real-estate price-index work.T We adopted the time-series approach because it allows for estimation of quarterly price indexes. The data base described below is too small to estimate quarterly price indexes using the cross-sectional approach.
Income-property prices. 
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rental rates, apartment operating expenses, oflice rental rates, or hotel room rates.g This is the first study to index income-property prices using the hedonic pricing method.
The lodging-property transaction data assembled to construct our price index satisfy the following general specifications:
(1) (2)
The data are limited to hotels and motels. A property is defined as a hotel if it includes 150 rooms, meeting and banquet space, and restaurant facilities. The data are national in scope. Any geographical breakdown would not yield a sufficient number of usable observations. The data are detailed with respect to property characteristics, location, and local economic conditions at the time of sale. Certain contractual characteristics endemic to the sales are also included. The study period is the first quarter of 1985 through the last quarter of 1990. The primary source of transaction information is the data base of the HMDE. The HMDE contains the sale price, number of rooms, date of sale, and general-location information for several thousand properties. Additional information about the characteristics of the properties, such as average room rate, age, amenities, and the conditions of the sales-financing terms and the organization forms of buyers and sellers, for example-were obtained during visits to the HVS office. Other data were gathered from the following sources:
EXHIBIT 4
Cornell Lodging-Property index 
Cornell Lod ing

Property
In f ex
Exhibit 4 presents the index numbers for our overall lodgingproperty price index, which includes hotels and motels, and for separate indexes of hotel and motel property prices. The indexes are quarterly, extending from 85-1 (first quarter of 1985) through 90-4 (last quarter of 1990), and the base period is 85l(lO0). For comparison purposes, Exhibit 4 also shows the quarterly price relatives of median hotel and motel prices from the HMDE.
decline throughout the remainder of the 1980s and into the 1990s. The sharp rise in prices in late 1986 is related to the real-estate trading that occurred just prior to the tax-law changes. Absent is any indication of general market movement due to the buying spree of Japanese investors during 1987 and 1988. By the end of 1990, prices of lodging properties were 70 to 75 percent of their 1985 levels.
The lodging-property index reveals that prices remained flat through mid-1986, rose sharply during the last two quarters of 1986, and experienced a steady The HMDE median-price relatives are shown to compare the hedonic index to an unadjusted price series (Exhibit 4). One would expect the HMDE's price relatives to perform differently, compared to the hedonic price index, because of the adjustments made by the hedonic equation. 
Hotel Prices versus Motel Prices
The index numbers in Exhibit 4 and the graphic representation of those numbers in Exhibit 6 indicate a slightly different pattern of price movement of hotel-property sales when compared to motel properties during the period [1985] [1986] [1987] [1988] [1989] [1990] . Neither price index is highly correlated
